he Ilizarov apparatus was used to carry out opening-wedge callotasis of the proximal tibia in ten patients who had suffered premature asymmetrical closure of the proximal tibial physis and subsequent genu recurvatum. In four knees, the genu recurvatum was entirely due to osseous deformity, whereas in six it was associated with capsuloligamentous abnormality. Preoperatively, the angle of recurvatum 
Premature asymmetrical closure of the proximal tibial physis can result in osseous genu recurvatum. As the deformity increases it leads to pain, weakness, instability of the knee and disturbance of gait. Patella alta, impairment of the quadriceps mechanism and stretching of the posterior capsuloligamentous structure of the knee may also occur. 1, 2 Various methods of proximal tibial osteotomy have been suggested to correct osseous recurvatum. Despite many reports in the literature of opening-wedge [1] [2] [3] and closingwedge osteotomy, 4, 5 there are no well-documented series apart from a few case reports [6] [7] [8] on the use of callotasis in the management of genu recurvatum.
Our study was designed to investigate the use of the Ilizarov technique to correct genu recurvatum by an opening-wedge callotasis through the proximal tibia just below the tuberosity.
Patients and Methods
Between 1991 and 1996, we treated ten patients with genu recurvatum due to asymmetrical premature closure of the proximal tibial physis, using the Ilizarov apparatus. Five had sustained ipsilateral closed fractures of the femoral shaft, which had been treated by plating or skeletal traction followed by immobilisation in a cast. Two had had closed or open fractures of the proximal tibial shaft and had been treated by skeletal traction followed by immobilisation. One had sustained fractures of the ipsilateral femoral and tibial shaft for which intramedullary nailing of the femur and immobilisation of the tibia had been performed. Another had received an injury to the knee and was treated by immobilisation. In these nine patients the injury was due to a traffic accident. The development of gradual progressive genu recurvatum deformity appeared to result from an occult injury to the anterior portion of the proximal tibial physis. The remaining patient (case 8) suffered from multifocal osteomyelitis after meningococcal infection in childhood, and developed a genu recurvatum after a Hauser operation.
There were four men and six women with a mean age at the time of injury of 9.9 years. The mean age at the time of operation was 16.3 years (11.0 to 20.5). The mean time between injury and operation was 6.4 years. Pain or discomfort with weakness was present in all knees. Three patients had mild instability of the knee due to stretching of the anterior (case 1) or posterior cruciate ligament (cases 4 and 10). A valgus deformity of 10°, 6° and 30° was also present in three knees (cases 1, 5, 8, respectively). The mean shortening of the ipsilateral limb was 2.7 cm (0.5 to 8.7). Tibial shortening averaged 1.6 cm (0.5 to 2.9) in nine limbs. In one patient (case 4) tibial lengthening of 3.0 cm using a unilateral external fixator had been carried out elsewhere two years before referral.
The angle of recurvatum (RG) and the angle of tilt of the tibial plateau (RT) were measured according to the method of Moroni et al 1 using the lateral radiographs of the knee taken with the patient supine and the knee in the position of maximum possible extension, in neutral, and in 30° flexion. The angle of tilt of the femoral condyle (RF) was also measured, since distal femoral physeal injury could influence the recurvatum deformity (Fig. 1) . The amount of recurvatum which was due to angulation of the tibial plateau was described as the difference in the angle RT between the normal and affected sides (␦-angle RF).
To determine the effect of genu recurvatum on patella alta or infera, the ratio for patellar height (A:B) was determined from lateral radiographs using the method of Blackburne and Peel. 9 A is the perpendicular distance from the distal osseous margin of the articular surface to the osseous line of the tibial plateau and B is the length of the osseous articular surface of the patella. The results were evaluated according to the scoring system described by Lecuire et al. 3 The anatomical (radiological) and functional results were classified as excellent, good, fair or poor (Table I) . Operative technique. We performed opening-wedge callus distraction of the proximal part of the tibia, just distal to the tuberosity and in association with a proximal fibular osteotomy. Concomitant tibial lengthening, averaging 1.6 cm (0.4 to 2.5) was undertaken on nine limbs, and concomitant femoral lengthening, averaging 3.2 cm (1.0 to 6.5), in four. Anterior translation of the tibia by a rail system attached to the distal femoral and proximal tibial rings was performed on two unstable knees with posterior displacement. Simultaneous correction of the distal femoral deformity was carried out in two limbs. Two skeletally immature patients had hemiepiphysiodesis of the posterior portion of the proximal tibial physis (Table II) . The Ilizarov frame was preconstructed before the operation. The medial and lateral hinge points for correction of the deformity in the proximal tibia were selected as illustrated in Figure 2 . When combined correction of deformity and lengthening of the proximal tibia were necessary, the hinge placement was located posterior to the posterior margin of the proximal segment, usually above the level of the osteotomy.
Above the level of the osteotomy the proximal metaphysis was fixed by two or three transfixing 1.8 mm wires in addition to two 6 mm half pins attached to one complete ring or one ring and the 5/8 ring. Tibial fixation below the osteotomy was by three transfixing wires and two half pins to two rings. Femoral rings were selectively added when combined femoral lengthening, correction of the distal femoral deformity and reduction of subluxation of the knee were required. A medial and lateral rail system with knee hinges attached to the femoral ring allowed anterior translation of the tibial frame and movement of the knee (Fig. 3) .
After a period of five to seven days, distraction of the anterior threaded rod was started based on calculation by the triangulation distraction method described by Herzenberg and Waanders, 10 and Paley et al, 11 assuming that the distraction gap corresponded to 1 to 1.5 mm/day at the anterior cortical margin.
Results
As shown in A 17-year-old girl with recurvatum deformity and posterior subluxation of the knee (a and b). The rail system between the distal femoral and proximal tibial rings for anterior translation of the tibia is shown (c) and the photograph (d) and radiograph (e) three years after the operation indicate a good result.
to 33). The recurvatum deformity was purely osseous in four knees. This was due entirely to tibial deformity in two (cases 4 and 10), and to a combined deformity of the proximal tibia and distal femur in two (cases 6 and 8). In six knees, it was a result of the combination of osseous and soft-tissue changes, the osseous deformity being predominant. The mean time required for correction was 49 days (23 to 85). The mean time of fixation was 150 days (88 to 210). After removing the fixator, a long-leg cast was applied for a mean of four weeks. In three patients who had instability of the knee, an orthosis was used for six to 12 months after the cast had been removed.
Satisfactory correction of the deformity was achieved in all limbs. After operation the mean RG angle was -3° (-5 to 0), while the mean RT angle was 95° (90 to 105) which corresponded to the average RT angle of 97° for the normal contralateral side (Table III) . The patellar height ratio was 0.98 preoperatively and 0.99 postoperatively at the last follow-up. There was leg-length discrepancy of less than 5 mm on orthoradiological measurement in all the limbs.
There was a definite improvement in function after operation. No pain or discomfort was present in the knees. Weakness disappeared in six, but persisted slightly in four. Sports activities appropriate to the peer group were possible in nine patients. The arc of knee movement was within normal limits in seven patients but three showed a slight decrease.
At the last follow-up at a mean of 4.4 years (2.1 to 5.9), three patients had excellent results, six good and one fair, based on the total anatomical and functional score. 3 One patient (case 6) who developed patella infera during the period of treatment had a fair result.
Complications. Complications were encountered in three patients. Minor problems included transient palsy of the peroneal nerve and pin-track infection. The nerve palsy, which caused weakness of the extensor hallucis longus, was thought to be due to stretching of a branch of the deep peroneal nerve during retraction of the surrounding muscles at the time of proximal fibular osteotomy. The palsy resolved spontaneously within three months of the operation. Pin-track infection was controlled by drainage and administration of antibiotics. Patella infera developed during treatment by the external fixator in one case, and was considered a major complication. It improved after arthroscopic adhesiolysis and manipulation of the knee under anaesthesia. At the last follow-up, the patient had regained a full range of knee movement.
Discussion
Genu recurvatum can be due to bony deformity of the proximal end of the tibia after premature asymmetrical closure of the proximal tibial physis, or to soft-tissue changes (capsuloligamentous recurvatum) or both. 1, 3 In nine out of ten knees in our study, genu recurvatum appeared to be the result of occult injury to the proximal tibia associated with ipsilateral femoral and/or fractures of the tibial shaft, as has been observed by others. 12, 13 Recognition of the physeal injury was delayed for a mean of 6.4 years until a marked angular deformity appeared as described by Hresko and Kasser. 13 In the past, opening-wedge osteotomy of the tibia proximal to the tibial tuberosity, 3 closing-wedge osteotomy proximal to the tuberosity 4 or distal to the tuberosity in association with a fibular osteotomy, 5 and opening-wedge osteotomy in combination with the detachment of the tuberosity, 1 have been described. Moroni et al 1 stressed that in knees in which osteotomy had been carried out proximal to the tuberosity, but in which the patellar ligament had not been detached, the patella was located much too distally. They also stated that when osteotomy was carried out distal to the tuberosity, poor results were obtained because of insufficient correction of the deformity and a prominent anterior curve of the tibial diaphysis was produced. A variety of complications was reported with these techniques. None of these authors discussed the treatment of genu recurvatum associated with genu valgum, posterior subluxation of the knee, and/or ipsilateral shortening of the lower limb. 3, 14 In recent years, the Ilizarov technique has gained wide popularity for correcting deformity and lengthening of bone. Apart from a few case reports on physeal distraction or callotasis of the proximal tibia, little has been published. 6, 7 the deformity can be monitored, and joint movement maintained throughout treatment. Transarticular fixation allows control of instability of the knee and prevents subluxation. The hospital stay is short. Correction of the deformity and lengthening can take place simultaneously at the same or at different levels. 6, 8 The origin of the recurvatum deformity must be carefully assessed. Appropriate placement of the hinge must be selected when preconstructing the Ilizarov apparatus to achieve angular correction, translation and lengthening.
Our results indicate that the Ilizarov apparatus is an effective tool for managing the deformity of osseous recurvatum, with or without shortening. Nine out of ten patients achieved an excellent or good result with satisfactory anatomical and mechanical realignment. These results are similar to those reported by Moroni et al 1 with one-stage opening-wedge osteotomy and bone grafting of the proximal tibia if the deformity was entirely or predominantly osseous. The value of the Ilizarov technique, compared with other methods, was demonstrated in two patients who had marked osseous recurvatum and posterior subluxation of the knee; they achieved excellent or good results at the last follow-up examination. Using the special frame, as shown in Figure 3 , simultaneous correction of the bony deformity of the proximal tibia and the posterior subluxation of the knee can be obtained, while movement of the knee is maintained. The patellar height ratio was not substantially changed by the procedure. This may be related to the level of the osteotomy, which was carried out just below rather than proximal to the tuberosity. We experienced a major complication in one patient who developed patella infera 15 during the period of treatment. This may have been due to the transfixing pins involving the synovium of the knee, the concomitant femoral osteotomy, and poor compliance with exercises for knee movement.
If an opening-wedge callotasis of the proximal tibia is undertaken in a skeletally immature patient to correct genu recurvatum secondary to premature asymmetrical closure of the proximal tibial physis, hemiepiphysiodesis of the posterior portion of the proximal tibial physis would be necessary to prevent recurrence of the deformity. The anticipated limb-length discrepancy after hemiepiphysiodesis can be treated by primary or secondary tibial lengthening or contralateral epiphysiodesis.
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